
UNIVERSITY OF WASHINGTONG
COLLEGLý OF ENGINEERING

DEPARTMENT OF ELECTRICAL ENGINEERING

CIO SEATTLE, WASHINGTON 98195

Principal Investigalors

GORDON L. MITCHELL
and

C-WILLIAM D. SCOTT ~D F

Ie~OADR~TAiONS WILL 1F. !N 3L.AOK AND V4I-iiE.

San Diego, GaIkfo&,n. 92152

DISTRIBUTIONI' ST7,~'

Approved for pub'ik: wlesc.,

I~s~-to . - - -~to



HAmlIMUO, , UNIVERSITY OF WASHINGTON

College of Engineering

I.......................... Department of Electrical Engineering

___I____nSeattle, Washington 98195

U1sL i AbAIL. "w•/ WEL.

4!

Contract N00123-76-C-1451

! Annual Report for the Period Ending Iay 3T-177

OPTICAL FIBER CUTTING MACHINE

FOR RECTANGULAR AND CIRCULAR FIBERS

Gordon L. Mitchell

-June 30,';1977

Principal Investigators

Gordon L. Mitchell

and

William D. Scott

ORIOINAL CONTAINS COLOR PLAT- .'
1EF.O1A0 G'TLONS WILL BE IN B! PlC'I /.

Prepared for

Naval Electronic Laboratory Center (Code 2500)

San Diego, California 92152

II
App.ruvt-d fo'

1) I 1L-L~ i , -'J t, ,-r i "

......................
S• -. __ .- ,_______,,____________-_____.____



UNCLASSIFIED

SECUlI TY CL AVýA ICA TIO- OF T-' PAri:. elwh-, I I,,t-l)J
REPORT DOCUMENTATION PAGE 3(.AD INsTkIuCIORs

____________I[3•FORI] COM')•lETIN-'lG- 101.)51

"1. PC PORT NUMEJER t2. GOVT ACCESSION RO 3. RECIPIENT'S CATALOG NUMIJ)ER

4. TITLE (-,ndS,btllie) . yr,ý OF REPORT & PERIOD COVERED

OPTICAL FIDER CURRING MACHINE FOR RECTANGULAR I June 1976 - 30 May 1977
AND CIRCULAR FIBERS -_

6. PERFO,'MI45 ORP3. REPORT NUM "ji&-

7. AUTHOGR() 8. CONTRACT OR GRANT NUMJER(.)

Cordon L. Mitchell N00123-76-C-1451 ,

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJýECT. TASK'
AREA & WORK UNIT NUMBERS

University of Washington (FT-10)
Department of Electrica! Engineering
Seattle, WA 98195

II. CONTROLLING OFFICE NAME AND ADODHESS 12. REPORT DATE

Naval Ocean Systems Center June 30, 1977
San Diego, CA 92152 13. NUMBER OF PAGES

14. MONITORING AGENCY NAME 8 AOORESS(I! different from Controllinj' Office) 15. SECURITY CLASS. (of this •.pont)

Unclassified

"15a. DE-CLASSIFICAT'ION/iDOWNGR ADING
SCHEDULE

15. DISTRIBUTION STATEMENT (ofthl. Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstroact entered In Block 20, If dIfffe.,nt 1,o0 Re.poo)

IS. SUPPLEMENTARY NOTES

Principal Investigators: Gordon L. Mitchell, William D. Scott

19. KEY WORDS (Continue on rev 0 slde if Itnoes.ary anrd identify by block number)

"Fiber Controlled Fracture

Fracture
!: • Splicing

Optical

11ý. A65TRACT (Contne .n ..... . Id. lt - - y...... and Idenfty by block -. b..bet)

An optical fiber cutting machine for use with rectangular or round cros-
section fibers has been developed. It combines a sliding-weight tension
apparatus with a diamond knife crack initiation mechanism.

DDI J7 1473 EDITION OF I NOV Z5 IS OBSOLETE
S/N 0102 LF 014 6601

SECURITY CLASSIFICATION OP* THIS PAGE (When 13.fe Afn(-'-d)



ii

Abstract

An optical fiber cutting machine for use with rectangular or

round cross section fibers has been developed. It combines a

sliding-weight tension apparatus with a diamond knife crack initia-

tion mechanism.
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Efficient butt joints in optical fiber s,:ctom' require that fiber ends
1

be well finished. Since Gloge published a co. tolled fracture fiber finish-

ing machine a number of variations have evolved. The fiber cutting machine

described in this report was designed with the foilowing objectives:

"* Capability to cut round or rectangular cross section fibers

"* Convenient and reproducible adjustment of fiber tension and bending

radius

"* Maximum use of purchased (rather than locally fabricated) material

to minimize cost.

"* Simple operating procedures

The resulting fiber cutting machine is shown in Figure 1. After setting

fiber tension weights with a dynamometer the fiber is clamped in the movable

block and then in the fixed block. When the support slide is pulled from

under the moveable block a preset tension is applied to the fiber. Fiber

breakage occurs when the diamond knife is lowered to contact the fiber.

Adjustment of fiber radius and tension for clean fiber fractures is ac-

complished by trial and erronr. With the machine shown in Figure 1, a 125 Pm

diameter glass fiber required 300 grams tension and a 1.5" radius block for

best breaks. The fiber tension can be reset within 5 grams of a desired

value by positioning the sliding weights as shown in Figure 2. A tension

vs. weight position calibration should be plotted for each fiber cutter

constructed

REFERENCE

D. Gloge, P. W. Smith, D. L. Bisbee, E. L. Chinnock, Bell Systo Tech. J.

52, pp. 1579-1588, (Nov. 1973).



Figure 1 Fiber cutting7 riac-liin(,. The fiber is hold
under tension over the radius block. When
it is touched by the diamond knife a crack
propagates across the fiber, If tension
-md radius -ire correct this will produce an
o)ptical quality endl finish.
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Figure 2. Fiber tension as a function of weight
position for a prototype machine shown
in Figure 1.
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4 MS51977-11 SET SCREW

1 MS51977-10 SET SCREW

I MS5171431 PIN SPRING

I MS171525 PIN SPRING

I NAS1189-08-4 SCREW RLAT HEAD

6 NAS1189-08-12 SCREW FLAT HEAD

6 NAS1190-08-4 SCREW PAN HEAD

Aluminum Alloy; 6061-T4

FINISH I 2ý0

TOLERANCI; + .03, EXCEPT AS OTED

II

OTY PART NUMBER DESCRIPTION SPECIFICATION REV

PARTS LIST

_WN SCALE SHEET
ENGR

APPD

4.
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-30 1 -26 cutter arm rework Bell Labs Diamond Knife
Victory Diamond Too! Co.

P. 0. Box 274
East Hanover, N.J. 07936

-26 1 -27 balance screw 6-32 UNCx2.50 LONG

-26 1 -28 cutter arm weight .45 DIAx.48 LONG ST. STEEL

- 1 1 -30 mechanical stage Swift Mechanical Stage
MA88 College Biological Supply

21707 Bothell Way
Bothell, Washington
48i.-0731

- 1 1 -31 3" radius block 1.20x.85x.74 Al. Alloy

- 1 1 -32 1.5" radius block 1.20x.85x.74 Al. Alloy

- 1 1 -33 .75" radius block 1.20x.85x.74 Al. Alloy

- 1 1 2059 toggle clamp De Sta Co
Campbell Industrial Supply
3433 Airport Way So.
Seattle, Washington 98134
447-7100

-12 2 CIRCLIP 1/8" DIAMETER
-30 1

- 5 1 - GROMMET .60" DIA, RUBBER

-21 1 4-40 SCREW SLOT HEAD, IEFLON

-22 1 6-32 SCREW SLOT HEAD, TEFLON

-26 1 6-32 SCREW FLAT HEAD, 2.5 LONG

-12 2 Ms24585C29 SPRING

1 MS24677-1 SCREW SOCKET HEAD

2 MS24677-7 SCREW SOCKET HEAD

6 MS24677-10 SCREW SOCKET HEAD

1 MS24677-14 SCREW SOCKET HEAD

2 MS24677-17 SCREW SOCKET HEAD

OTY PART NUMBER DESCRIPTION SPECIFICATION REV

PARTS LIST

DVN -. CALE SHEET

ENGR

APPD)
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Ii - 1 optical fiber cutter

1 1 - 2 base be--" 6.5 x 6.5 x 3/8 plywood

- 1 1 - 3 end support 3.Oxl.5x.36 Al. Alloy

- 1 1 - 4 end support with 3.Oxl.5x.36 Al. Alloy
restraint

1 1 - 5 restraint 1.75x.75x.60 Al. Alloy

- 1 1 - 6 mounting plate 6.06x3.0x.36 Al. Alloy

- 1 1 - 7 clamp base .96x.94x.78 Al. Alloy

- 1 1 - 8 fiber restraint ba ;e 1.24x.76x,74 Al. Alloy

- 1 1 - 9 fiber restraint 1.24x.76x.25 Al. Alloy

- 1 1 -10 slide plate retain r 1.10x.50x.10 stainless stee

- 1 1 -11 slide plate 1.12x.48x. 1O stainless steel

- 1 -12 tension clamp asse bly --

-12 1 -14 lever bar 1/8"DIAx3.6 LONG stainless
steel

-12 1 -15 mounting bar 1/8"DIAx2.45 stainless steel
-12 1 -16 mounting bar suppc1t 1.36x.j~x.36 stainless steel

-12 1 -17 bar end support 1.36x.85x.36 stainless steel

-12 1 -18 tension clamp 1.25x.75x.74 Al. Alloy
block

-12 1 -19 tension clamp 1.10x.25x.74 Al. Alloy

-12 1 -20 bar joint 1.10x.50x.42 Al. Alloy

-12 1 -21 small weight .56DIAx.28 LONG stainless
steel

-12 1 -22 large weight .70DIAx.50 LONG stainless
steel

-30 1 -23 cutter arm block 1.Ox.80x.25 Al. Alloy

-26 1 -24 bushing - - bronze 1/8 I.D.x.315 LCA G

-30 1 -25 pivot pin 1/8 DIAxl.0 LONG stainless
steel Rod

OTY PART NUMBER DESCRIPTION SPECIFICATION REV

PARTS LI ST

- WN _AL__"SH 
EAET

ENGR

APPD-
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-QDrill .192-,203 Dia° Hole thru

CSK Ij000 to 335 - .*.;5 Dia°
to Asser.ble with -3 and -4,
a:•d NA.S I119-02-12 (or Equiv.)

(2 Places)

-2 BASE BOARD

3/8 Plywood (Material Optional)

___.

- L T- -"--'
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.-18
- -#

- 37 .36

8-32 UNC/MIL-S-7742
.,0 .40 Min. Depth Complete Threc.:

Drill .45 'in. 2eep
To Asser,•le With -6 And

SM-NAS1189-08-12 (Or Equiv.)
(2 Places)

1.50

8-32 U;C/IMIL-S-7742

4Only .38 Min. Depth Co-plete Threads

8-32 UVC/:1IL-S-7742 Drill .42 Min. Deep
.25 Min Depth Cormplete Threads Tu Assemble with -2 and

Drill .30 "lin Deep NASll39-08-12 (Or Equiv.)
(Far Side) -3 ENID SUPPORT 6-32 U•ICi'MIL.-S-774-
To Assemble with -5 -4 END SUPP3RT WITH RESTRAINIT
and C1ASll9Q-08-4 Co..plete Tnre•-3
(or Equiv.) .20--_ " '-V_ Drill .30 '!in. 3ce:

3O To Asse•tle with
• 20 Dia, AL/ M547 -1"n

"Slot Rubber Gro.-m.et,

.60 Dia.X .301 Dee.

(Or Equiv.)-1 753I -I.7.25 Li 5
.12

.60 .25--s-
-. 75

-5 RESTRAINT

,- '--i

z',-, ,,



1 I -13- 0. 3

I ,

0.25 •-.I0
0.500

- "-1.48
0.74

i• • 0.80

-1 0.40

-i _ __' I

-I- - !1.48

1.40

00 1.0

"1 .82 -- .. . . . . 0

2.76 0.62 2.36

- -0.28 _________ 
_

"5.70

0.80

-0.52

0.72 t-0.18 (TYP)

-6 MOUNTING PLATE

0.78- -0.375 (TYP)

0.725 (Hole Locations)

2 .2 5 
3 .0 0 ' x 6 . 0 6 " ( R E F )

S2.25 r

,, " .- -- . ,* _ . - ,, , m • -. : .. '-.,; , . • . .. . .. , .. .
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Drill .192-.203 Dia. Hole thru
CSK l100 to .335-.345 Dia.
to Assemble with -4 and NASll89-C3.-12 (Or Equiv,<
(2 Places)

14-40 
UNC/MIL-S-7742

.20 Mn. Depth Completp Threads
Drill .25 Min. Deep
To asserble with -10 and MS24677-1

(Or Equiv.)
+ (2 Places)

Drill .161-.172 D0a, Hole thr
",/ C8 Bore .228 -. 225 Da. X

.138 Min Deep (Far Side)
To Assemble with -17 and
M524677-10 (Or Equiv.)
(2 Places)

.161-.172 Dia.Hole thru-k--( Pacs
C'Bore .228 -. 236 Dia. X.138 M.in Deep (Far Side) --Drill .192-.203 DiaHole t•-
To Asse.-ble with -16 and + -L C' Bore .272 - .223 Dia XMS 24577-10 (Or Equiv.) .164 Min Deep (Far $i;)(2 Places) i To Assem.ble witn -" 3, or 2

and M.524577-17 (Or Equiv.)
(2 Places)

6-32 UNC/ MIL-S-717.2 - Drill .161 -.772 Dia. Hole thri.25 Mtn. Depth Cc-plete C' Bore .228 - .236 Dia.Threads .138 Nin Deep (Far Side)Drill .30 Min. Deep --- To Assemble with -S and
,MS 24677-10 (Or Equiv.)
(2 Places)

.161-.172 Dia. Hole thru--
C'Bore .228 - .236 Dia X
.138 Mi4 . Deep (Far Side)
To Asse't.le with -7 and
t4S24677-lo (Or Equiv.) +
(2 Places)

S7a4 • Drill .192 - .203 Dia. Hole thru
C.SK 1000 to .335 - .345 Dia
To Assemble with -3 and NAS1189-08-12 (Or Equiv.)
(2 Places)

-6 MOUNTING PLATE

(FASTENERS)
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/ .2 .62 52

*21

.43
S.96 4- "

4-40 U!NC/MIL-S-7742 .78 6-32 UINC/ 1IL-S-7742
.25 Depth Conplete Threads .40 Min. DtDzh
Drill .30 Min Deep Comiplete ThreaJs
To Asserble with Toggle Clamp Drill .45 .in.. eeD
and NAS1190-08-4 (Or Equiv) To Asser:-5ie with -6
(4 Places) and :IS24C77-10

-7 CLAMP BASE (Or Equiv.)
(2 Places)

h1 . 56  
22-1

I 1.24

.74

--- 0I0 o- Cover This Surface with
Electrical Tape 6-32 UNCiiL--7742

.40 Min. Depth
Cocipleta Tnreads

Drill .45 lin. Deep

To Asser.l e with -6
and MS24677-i0
(fit, Equlvo)
(2 Places)

-8 FIBER RESTRAINT BASE

L I4



Drill .125.- .129 Dia. Hole Thru

AsserL e with .S 171525 (Or Equiv.)
2 w "r

08 Dia. Slot

241.12

.24 -2.1

S,8| - -11 SLIDE PLATE

.062-.455 Dia.Hole thru
Asssr.ble with MS171431
(Or Equiv.) ,50

.135-.147 Dia.Ho!e thru .25
To Asse.-ble with -6 and
MS24677-1 (Or Equiv.)B
(2 Places)

-. 55 s 

1

-10 SLIDE PLATE RETAINER

Cover this Surface
with Electrical Tape

F ~.7.

"-'o07

1.24- -. 25

-9 FIBER RESTRAINT

(

S•. • + • •~..._•... . ...... ..... -+, -+. .
II. . • -,+ : .. ." - - ' • : L ' " ' + b .. l- .•' " • :•+. .. . ... . .
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1.48 ,- 1/8 Dia. Circlip
/ Neck to Suit

(2 Places)
.18

(REF) -- 14 LEver Car

(REF) Set Screw; MS51577-11

-15 Mtounting Bar--
.•; .-. 6 Koi,-ntlg Bar Su,-ýor-.

-17 Bar End Support -2LreWln

Z-18 & -19
MS 51977-11, Tension
Set Screw with -18 Centered Clamp
Over Clearance Hole in -6 I

"(Far Side)
g I• / I

• '•-21 Small Weight
*1 6-32 x112" Long Thumb Screw

Washer .01 THIK
-19 Tension Clarp
Spring,'IS245'-C29 (Or Equiv,)
-18 Threaded Hole

-12 TENSICI CLAMP ASSEMBLY

.' " "m" " qg" . ", .. -• -:, . . . * . .. *.. . • , •



127 - .132 Dia. Hole thru .36

/ ~.68 1

j~1.00 1.~36

II

4 • -- Chamfer 450 X .08 Both Ends
.36-- 6-32 U;IC/1ii-S-7742

.40 Min Depth CoFplete Thd5
.55• • Drill .45 ,min. Deep

1To Asserble with -5 and
---1614 .. S24677-10 (Or Equiv.)

-17 BAR END SUPPORT (2 Places)

6-32 UIC/MIL-S-7742

.40 Min. Depth Corilete Threads, Drill .45 Min,. Deep Coat This Surface
C'Bore .192 - .203 X .20 Deep with

To Asse'.uble With -19

"0-23 .55

.70 / +67.50 I 0
A I I I

j.I I 25

.34-0%17,

-.10
. 337 - 4 - 40 Unc/I'IL.-S-7742

74-- ;7.558 Min. Depth Ccniplete Threads

.127 - .132 fNia. To Asse.ble With 1IS51977-11(Or Equi,

Hole Thru

-18 TENSION CLA!-P
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.50 2 8

-.25 4

70 D-a. .56 Dia.

.30 Hin. C ;pleto Threads 4-40 UNC/1L-S-7742
Drill .35 ~in. Deep .22 Min. Cuý,pkte ThreL. S

Drill To Asserble with 6-32 Drillrill 2 .-in. De
.127 - .132 Teflon ScrewSlot Head ý.127 - .132 To Asse75ble witi 4-43

Dia. Hole Thru Dia. Hole Thru Teflon 5crevw, Slot H2zd

-22 LARGE LEVER BAR WEIGHT 421 SMLALL LEVERý "_REIGHT

-28 3 -. 37

- -- .19 7

q -56 
-- -Cover This Surface

-55 --.10 with Electrical Tape

1.0--- - --. 25

.161 - .172 Dia, Hole Thru
.19 TENSION CLk.P

I.42

Drill .127 - .132 Dia.
Hole Thru

.50 .30
1,---.10-

4-40 UNIC/,.IIL-S-7742

.25 tin. Depth
Complete Threads .30

(Both Ends)

Drill .127 - .132 Dia. Hole Thru -20 CAR JOINT

-~ ,~-20 BAR JOINT
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.s0 Drill .136 -. 147 I
•- Dia. Hole Thru

.25 - _ _

.70

Z8 B-32 U:i/^,/IL-S-7742 Threads Thru

To Asserble With -30 and IlAS11SO-0Z-4 (Or Equiv.)

-23 CLrTTER AR!1 ATTACHING BLOCK

- 24 Bushing & -25 Pli
---. 065 MIi n.

6-32 UNC/;IL-S-7742
1.0 M1in. Depth Corplete Threads

.45 DIA. -26 CUTTER ARM RE'ýORK Drill 1.05 Kin. Deep

- - _2.5- 1

6-32 UNC/1MIL-S-7742

6-32 U.;C,/:1I-L-S-7742 Thread Thru - 27 CUTTER AR.I BALA;CE SCRE'.-I

- 23 BALANCE WEIGHT 1 *|00

•~ 05
Cut Groove 01
.05 Min. Depth I*-0

Neck to Suit

1/8 Dia. Circlip

-25 PIVOT PIN

(NO SCALE)

, ... :.• •'•,,, .. • ifZ I ...... • -•. ,' .,,:•



- 30 Swift Mechanical Stage

- 23 Attaching Block

S- 26 Cutter Arm

4-40 U;C/MIL-S-7742
.20 Min. Depth Threads

To Assemble With ILS51977-10 (Or Equiv.)

Drill .127 - .132 Dia. Hole Thru

6-32 UNC/14IL-S-7742

.30 Min. Depth Complete Threads

Drill .35 ;-1in. Deep
To Asser,;ble with -23 and MS 24677-7

- 30 SWIFT MECRA'UICAL STAGE RE'NORK

ml i • -• .• '-
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0 0.74
3.0 Radius

1 .20

S1-.037

t
+ 0. 74

0. 31

A--- 8 - 3 2 UNC/IIL-S-7742

.40 Min. ,epth Complete Threads
Drill .45 Min. Deep
To Asser'bie with -6 and
MS24677-17 (Or Equiv.)
(2 Place;)

-31 BLOCK

S..- . .. • -.. - --
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1.5 Radius

0.74

1.20

r- 0.37

0.74

j -,. -,--- 0. 31

. . ,.,+- -- I, - 0.62

1--8-32 UNC/MI-IL-S-7742

.40 Min. Depth Complete Threads
Drill .45 Min. Deep
To Asserble With -6 And
MS24677-17 (Or Equiv.)
(2 Places)

32 BLOCK

.- .-.
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.75 Radius -P 0.25 0.84

S. 0.25 -0.74

-0.725
- 1.20

S--- 0.37

-- 0,74

0,31

-0.62

-. , 8-32 UtC/MIL-S-7742

.40 Min. Depth Corplete Threads
Drill .45 Min. Deep
To Assemble With -6 and
MS24.77-17 (Or Equiv.)
(2 Places)

-33 BLOCK

AI

*L, ' • . ' • ',• - ,• ... -; , .- -- - " - .. . . . • . . . - ' .. . " " :.


